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ABSTRACT: 

PROBLEM TO BE SOLVED: To make higher the value of the 
effective refractive 

index of an optical waveguide in a laser luminescence than 
that of the 

effective refractive index of GaN contact layers in a GaN 
laser, by a method 

wherein the GaN layer is constituted of an active layer 
having a specified 

compositional formula, guide layers and clad layers. 

SOLUTION: A GaN laser consists of, for example, an InAlGaN 
active layer 6, ~ 
InGaN guide layers 5 and 7 which are respectively adjacent 
to the lower and 

upper parts of the layer 6, and, moreover, GaN clad layers 
4 and 8 which are 
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respectively adjacent to the lower part of the layer 5 and 
the upper part of 

the layer 7. Here, the layer 6 is formed into a multiple 
quantum well 

structure, wherein two kinds of In 
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—mwtztmx. 

1 1 1 nm&xMfA i m&ywftifiwmtf 

^=Sr&2aOI n, A 1, Gai-i-y N (l^x^y^ 

o . i ^ x + y s o > (omtf&Kizmm § titz$>&?# 

I nz Gai-, N ( l>z>0) frt&hiH VMt. 
Inn Alv Gai-u-v N (l>u^v^O> l>u+ 10 

v>0) frhtahl^-j mt. 

mt tum-i g a N^it^mmm^^^m^ 

b i> 1 nllSx&^A 1 |Bjfty<OVv-fii;&H7)it# 
m&Z2W)l n, Aly Gai-,-» N ( lSx^y^ 

I nz Gai-i N ( l>z>0 ) frhtthilA YMb. 20 

isttzb&mbt&tmft^-imw. 

h 2WT> In, G ai-z N ( 1 > z ^ 0 ) (TMf^WiZ 

mxm i . 2<oivma> 1 nzmk<v$mw\s-' ? m. 
a. 

| ^Ini Gai-i N (l>x>0) iPhlzhy&'&Mb , 
4 In, Gai-, N ( l>y>0. x>y ) frhtthfiA 

/ ktS®175«j'HJBk^iat:**L*fx^itr&Aix Ga 

1. — ,. z n (i>z^o> frt>%hmmmmt. 

[fg#JS5 ] b l>%mbfi4 V®b ? 9 » F 

I n, Gai-, N ( l>x>0) *><^5rSvStt«, £)t 
\liln, Gai-y N ( l>x>y^0) frt?%htf4 F 
«»Jifflfcl?l»U A 1 Mz«I*m5 2I«A 1 
1 Gai-i N ( l>z§0) frhtc&Z&TttPffiMcO 

mmstmt. 

\ n u Al» Gai-u-vN (l^u, v§0. l^u+v 
^0) 5 y Fit x 
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[000 1] 

if&mmt&ifflttm] mmz 
^ameg^jst irt^mi±*^s v «g a NMii^mitt 

[0002] 

[*£*?)&».] jfi*k GaN. I n, Gai-« N, A I 
1 Gai-i N (O^xgl ) x I n.A 1 y Gai-.-j 
N (O^x, y^l, O^x + y^l ) ^GaN&ffc 

t GaNSLD (Laser Diode) bWfoth. tiz. % 

7mAt^^&<mmm~*r7 1 mz& 
Wjig&zm^'-mthzbiz-s-h. 
[ooo3]GaNiLDti mmmzimfo^iz x 
<o iz-A&zm z b iMmx-fo o . *t -f x^<m 
®&\m^w%mmitmb LxmmtLX^tz. 

G a NILD b lX&m<?)ffimtfmiZtLX£tz1>\ L 

# v mmffi.®f£* i k a/ c m ^ ariz-tz, z b 

-T. Is—fftCOmm®. (UlTFFP ; Far Fiel 

d Pattern b'-mtZ ) * J ^«»ttSr*^Tt». ffi«E*(t. 

xtmmb LxmttcG aNiL Ditztitxnhti 

[0 004] d^T'FFPt<±. 9*3K«B8Pa»»6 

St LTvStt«^LTS«*|6jc7)F F Ptt < C&@ 
[0 00 5] t**WGaN^LD<7)FFPtttl.^l* 

±T(c2 0gtLh^J!S« ? 0$:^rL, 09(^1" «fc 

[0 00 6] GaN*LD£OFFP*^4$ttS:^-rail3 
»±, TfBfe^R^jftt-H (anti-index guided mo 
de) 1iZWH*>tlh1zthb J %Lt>1X&. ZZX-Rtm* 
-Kktt. viSttlcoiT (3t^8I^Hffl) (cfiSt* 

mzfctf*). FFPtf£«mtz%&im£^o. 

[0 007] ttbli. WkGaN&LDmmzti^ 
X. I n G a N^ffifflcDSiff^S: n i . ^0±T(cBIS 
-TSGaN^ H®£7)Sltlf$5rn2 , H5IEGaN^ H 

a«oi«w»^±TtiBSrt-* a i GaN^57 mo® 




3 

#r$£n3 tirht%. m >n 2 >ns 1fitfL*)iLO<r> 
X\ U-<fffltii h-ot t>S*r*0«V M n G a N-iiStt 
JHCi&ofcSJf^S^t-K (index guided mode)(Cj: 

[0 0 083 LA»U GaNlLDfli, ^ttltcm^ 

£^^&mo3y??hfitffi;£ffi«^s/y6, Al 
tHW£hft^:» k»GaN3^? M*^S^Sd 
C t $■ F-7\ SftnSft&fttft* H-M'y h fc*.fc£ 
[0 0 0 9] f&lEOGaNjgLDTIi. Sttlfc#4 F 
off (n1.n2.n3 i:1iS*)H«)Ji5T«i4T^ 
spm J9Mv&Vvfc*GaN:iV*?HI^##L# 

->r. FFPt3^^n««iewta«>fc«j&r4e' 

[0 0 10] 01 Oti. f&fccOGaN&LDSrfltJfc-rS 

[0011] HottMli. LDom&fcSrtHWo 

^f%<r>W^SS. (MNFP; Near Field Pattern fcDf 

>99 M>, 75? KB, #4 HI, *SttSRtfH£*&&> 

[0012]y5aU-yaylt n-GaN37^7 
1-J125. n-AIGaN;77Kl26. n-GaN 
tf-i FJB2 7. I n G a N<7)^fi-T#F (JJITMQW; 
Multi-Quantum Well fcB&$}rf & > flfjs?>vSttJI 2 8 . P 
-GaN^Hi29. p-A I GaN?5 yKi3 
0. p* -GaN3^?H31, pmfll3 27E)»ic. : 5: 

[0 0 1 3] 01 Ofcjjrf J:-5fc. 5fc0— 9»ip* -G 
aN3y?? h!3 ltCfflt^^ix^J&AcSr^LT^ 
6. *^V^n-GaN3y^^Hffl2 5tCt>il«T§ 
=5rv L*4 1 Tuft £ i: . 

[ 0 0 1 4 ] 0 1 1 teP^fK-$tf>fct&feCOG a 
LD^FFPT'fcS. a««lttl±U— <f^t'-AC0ft 

Wi. 01 OWVcp* -GaNny^7M3 1^ 

^wra t&totj; & tot* 0 . 1 8mttmz*.t>ii& 

StV^-?<i. fUn-GaNay^? M2 5'\<D3£ 
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[00 15] IM^S.a.U—i^ayizX*). W¥^)G 
aN&LDOF F PW|gg^r-:?fc*krt&ftt*-A<9 

1 3 1 <\<r)%ffl ti£tf>K: J: Sit sWHBSfc J: 

[ 0 0 1 6 ] dcoi 0 R^jSt- Ft J: & V— f ft 
X'itF FPtf§>mtZ*ttffr' r )X'%< . K-Ay h-jg 
£Oft»G aN3y?7 FfflK <k . 

®%.im<%h. lot, ftSfcOGaN^LDTIiGa 
N3y^^ hS^^CDk*l£$4~t&fctf>. A I Ga 
N?7-v HS<7)A lfflj££*£< Un 3 **S<f4 
*\ X«iA iGaN?77 FJf£g<-*-£t£</)*t$fc&«fc 
e>tlX£ti. Ztlt>cr>fflm&lzi^X . I&bJjWto*: 
ayta-^ySalz-yayOfeSffll 2&tf01 

[00 1 7] 01 2li»7)GaNSLD(:oV>tfft 
tAlGaN^77r : i26. 3 0WA 1 ffl&fcJf 
20 *tT l> U— f I # v ^fflmS[03gfl:S:*-r ^ S a !✓ 
- 3 ^|g*T'S) I) . JStWi A lGaN?77 F 
3. $»liAlGaN77»/F«^AlffljrrJ>&. «• 
* - 9 <i U Wt<n L ^ ^ ^em^S J <T) 
fflSr^LT^S. 0iO. A 1 GaN^77 H«OJP$ 

[00 18] fl^cOGaN^LDtCO^T^TtA 1 G 
aN^77Kf2 6. 3 0ft^GaN^ H«27. 2 
30 9<r)W&,zft^h\s-~ fWtnL$\MWfc®m.<ryMt 
Sr01 3tSi". 0J: *)?7 v FMRVtfJ FB^ff^ 

tfx-%htf. #4 m<vmziztti-&i,z^mn%m&. 
commiWL^x'hhtztb. L^mm^^^im 
^h\z\t9 7 v mnmz z±% <i-&zt ffmmx'b 

[00 1 9] 01 2. 01 3(CtJWt. »^rLfc$nS 

•c l * v ^<imis^)g*^S[tci8J!ra-r s mufi^ nx » 
ttfmix'hhtiK *imtmx-ztih<mzmtoLx 

tL§^fflmgS^JOffi5rlkA/cm« WTt"tS 
^ fc (iSlfC^ Sit tfbfrh . 
[0020] JIS, A 1 GaNlfcfcWCteGaNJiJ: 
0 t^F^^^ai^^, AIGaN?77 KJBO* 
^'JT^^<-r&iti±Bl3fC'J>0. AIGaN? 

-f^^SjflHmflE{i^<^l.. ttz, AlGaNfcffiiO 
50 GaNS|£ H B B fcC0^^tOffl)3*^, Al GaNJfcO 
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Aiaa«»ws£**<-witf??v?£4fc*<. m 

[0021] d^i die. ffi^L£^ffim8S2ftKT'ffim 

bess^l. f f pm&itztiftT < xtm^-commiz 

SUcGaN^LDSrH^-r&^tti, AlGaN? 

y ••/ FflwiwwssfcHU a i w&mtt&frx 

[00 2 2] L*»L-*ICiNVC» Alffl^^rJiJnL^ 

JBE*^<=5rO. &fz. AlGaNi:tt0>GaN3RtSfli: 

[0023] 

GaN*LD(C<±. I nGa NvSttJf cOiTKBSS^S 

$<ist a iGaN?77 vmtfr^tch&w^mmm 
<F>-mrmm>m>K s b«iba i g a n ? 5 y f j§ 

J«tf ctpt^$n^GaN3y^7 M»S#W> 

£ t , f f pmrnt^t t mmzmm%ktfmm 

[0 0 24] t&fctf)GaN&LDt;:{i, 9yyY 
liOAlM J ? > f$^<UAlGaN?77Hl 

[0025] *miit±3ic?>fflm££Mm-'<<%zti 

LfcitifSSttOG aN^LD £tgi*-f£ 3 fc * k ~t 
[0026] 

mi g a H&fc-&®ftmm*t>%& ^stfc^ 

T, 4«5r<kk I niffij£x#.tfA 1 ffl^yW>-Til*^ 
©|^2ifll n, Al, Gai-.-y N ( l^xS 

"ySo [ i ^iThy^o)<r>mi) i ^s.izmm^titzp& 

?#FWkZ1?ttt&mt . I n z Gai-z N ( 1 > 
z>0 ) frhtchiU K«k. I nu Alv Gai-„-» 
N(l>uS v ^0. l>u+v>0) frhtcZ,??"/ 

[ 0 0 2 7 ] *%Bflc7)^mw— f^S<i. 
< k fc 1 nlfljfcx&t/A 1 «j£y^v^A*7)ffi#M& 
h2m<T> \ n, Al, Gai-,-, N (l^xSy^O, 

i ^ x + y ^ o ) mtf$s.izmztifzm :: F#F i ® 
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jt£-#T&vS14Jifc. InzGai-z N (l>z>0) 
»t>%&#4mt. GaNH^?77Hit^ 

[0 0 28] #ltL<»iiwi£#-* K®fcL In|)Sz« 
ffitfU&S 28^ I nz Gai-z N(l>z^0)»l 

[0029]^ *ICTco^^U-WHi. vStt 

mt. mtimm<r>±.Ti,zmk-thi}4 mt. mvf 
io 4Ymiz*h?tmm&?7vmtz%tjG<LN% t 

it^mmm^h)y—fm.iZt5^X. In, Ga 
1-. N ( 1 >x>0) #>4>&5vSttlk. I n y Ga 
i-y N (l>y>0, x>y) frt&htiA KJgk, ff 
ffi«tt®k^ HJBktfDH, *tz\tmW4 Flkfuffi 
?7>yVmtcr>mzZtl?tLitfrfhAli Gai-z N 
( 1 > z s o ) *^=5:-SjS)iKS«k ijKti k £ft8t 
k-T&„ 

[ 0 0 3 0 ] £ti. *fgBfl£7)^*U-ifSS«. 

< k t,vstt® k**-f Kit^77 mt zmm? h G a 

20 N^fc^M^ftA^SSW-- fUStfc^T. In, 
Gai-z N ( l>x>0) frh%hfflm. ^Jttiln 
y Gai-y N (l>x>yS0)K4W'(»)i 
fflCBSJgU Alffl^zc7)ffl*mS28c7)Alz Ga 
i-z N ( 1 >z^0) ^^S^ft^FISjtcO^^E 

sik, z(Dzm?#pism(rMmmtzzt>£mm 

tSIn» Alv Gai- u -« N(l^u, v^0, IS 
u + v S 0 ) 9 y ••/ HJB k SrlrtM k Ir^Sk 

[003 1] 

h. 01tC*^GaN^LD<±. r A TW&\ 0± 
C0GaN/\"-/7T®2k, n* -GaN3^^^M3 
k. n-GaN?77H|4t, n- I nGaNWMQ 
W^Ka5k. InAlGaN(0MQWiUi6i, 
p— I nGaNOMQW^ Hffl7k, p-GaN?7 
•yVmSt. P* -GaNr?y^^h®9k, -?-«0±tC 
«W£SWtp18Bl0i:*»J»«JfeS*i6. 

40 [0032] ^^CCP 1 -GaN3y?;M9Hn 
♦ -GaNay^^MSiTJiifiT'gTOCX'yfy 
/L, SJtJL/in* -GaN3y^?M3«SffiCn 
ftffil l*i»fiE?4T.S. ^rfc, GaNy< /7rJi2<±. 
"9-7 r 4 7*£t£ 1 ^±tCfi£*-ri» G a N^^l«|jt<0*& 
B B Btt^tt#-r^» - k £ Bttk LT v v& . 
[003 3] i^T'nSOK-nyhJiSi, p^OH 
-A'yhJiMg-r'$) , 3, n* . p ' li%tl<£ti<7)Mco K 
-/N-ybjiS*^^kSr^. Stt®65rfliJ£-ri» 1 
n A 1 G a N<7)MQW<7)tSit(i. *tL?tU<> h'dr-v y 

50 7-X^y^-C0fi*>*5:vHC^«»ff$ 20nmOT<92 
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aS<OI nAlGaNfH^. Srfc. In, Al» 
Gai-.-y N(Ux^ySO. l^x + y^O) ©A* 
yH<t77X*K-tt. 1 nfflsExXliA 1 Jfljfc 
y.X<i*flj£x. y^ffi£^;:^$-££.rk£J:D. 
SUCfl^Sfik^i-^k^T^S. <I<7)k£. I nil 
j£xX<±Al|&j£y. XJiffiBfi^x&^yWffliflji 

er*uf . rStts 6 £Jiunsjifc-f s.r t s u 

[0034] &fc01?»!M KJf 5. 7li. *tl?tl<7) 
Jf gff 2 0 n miaT<02^8icO I n, Gai-z N (0^ 
"z<l ) J|^XS(£BWtTMQWffifi^>^ VMZW 
jftW:*&a%S*i"0**. CKDidttf-f HI 5. 7 
liMQWflljlfcL-CkJl^U I nffl&zcOfltfW H 

[0 0 3 5] I nGa.N#4 FmZMQWffimtttl 

flfcjfc&rSdfcjW&BkfcS. £*>fcS. InGaN 
^MQWJ@tMg££(4S i^F-^yhSr^h'- 
ey^-fixlf. mttW±£&m-Z>±X't<lzm)X'$> 

[0036] Hlfc*ti5t« #4 KJKI nGaN 

Al GaN?77 KJItfS^k&S^afibS. i"=Sr*> 
fc. HK^tJ^dtCl nA lGaNfitt®6i:^c7)± 
TtRaN-SInGaNXT-f 7k. 
±JFl£f®8tt& GaN?57Hl4. 8 G a N 
I nMU lmtSrSii^-rS^ 

n4 J:9i*£^GaNi&LD£flSi-fS£k#**-t'# 

[00371 *1 cOlOfcOJR'SOG a N&LDT'UL ft 
m>A 1 GaN?77 KJf<0ffcb9tGaN?7-y KH 
4, 8 #fflv -e^nUcSttGaNny 
??Vm3. 9tfmmZtlXi>. l/-fMlilnGa 

K-Tft<D;*:£ V i G a N r» y ? 7 vm^vyMP) L 
#<l«Srir\ -fS-fc^ GaN3y^7M^fc»tl.3feffl 

[ o o 3 8 ] 02 t±*?g i ^mmm.'.zm g a n& 

LDfc^Vvo£tf>;£FFP<?)^T&6. Cic7)k£. I 
nA 1 GaN*>ii>&&MQWvSttJfCDA 1 iffljfctfOffitt 
nGaN^MQWSffia^JTI^'&^t 

^v^TS^^^T-j)*. l*>u f f p<mmmQ 
wfffiMtoA i &mz.\mtA,zmfiti?. a i 
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[00 39] AlGaN^77HMfflV*ll lfc^ 
•r^«GaN^LD<?DFFPtClk- f <-r, GaN3^ 

? vmizx him t&#>ff%k£iniki. f f p»i@*. 

fcJSUMtttfc ifc. B2£*t*% 
HBfiOG aN*LDWBBST«i» ft##>± 2 Oft-Cfcofc 
7tt'-A<7)ftJS7>ffi*i±5Jgfcffi«L. t'-Agi&ffi/h 

[0 04 0] 01^-r*lcoHte<7)^@<7)GaN^L 

cm' grPCfcO, U— f3fet^FFP<i02cO 

[0041] &C03 , 2<7)HS6co 

^®t^GaN^LD(=O^TlttBJW--l. 0 03(Ct3^ 
T< 01OGaN^LDkitlE-r&liS7i-W±P-^#fig 

t) . 

[0 04 2] HliZfiVvCU. I nAlGaNvStt!6 
C9±T£I nGaNWMQW^ H15. 7*WgfLT 
20 IrXfcjP. -TO I nGaNcOMQW^M HJHi. 03fc^ 
-f J: 5 K I n A 1 G a N/SttJl 6 con"fffl^ tBSS LT 
^Tt>AV^. 03T'{±I nA 1 GaNcOMQW«SflW6 
kn-GaN^^y KJ14 fccOl^tCn- I nGaNOM 
QW^ F«5S:^(tfc^*^?itT^i.. 

[0043] jfeta^fc J: a (C , ^ H a H tt«^»=5r I n G 

^rarc****, *m KS^MQwffljtk-witf, « 

JBSSW&.ikt^riBt:**. 

30 [0044] ZCDXoiZl nA 1 G a NvSttJf 6 COfrU 
W*fcR«LT I n G a N<0MQW^ HJi*Rttfc* 

0 2 tit^.-c f f P0mm&wfi**mmb 
m&mtzxhfflmh^&Ti-htf. n eff <r> 

fflxtimfflLO FFPS:#S^k tfTZ I . 
[ 0 0 4 5 ] m K 2cOHJfe«0^.©T'CO^/i «t d fc. 
tstJfcWA 1 GaN?77 KSc^^OtGaN^^-y K 
12rfflV^{fFFPS:#ii»-fb-fl»ik*^l.. ^^c. 
AlGaN?77 K£fflV%&WU£ . tt*SWfifil«S^ 
40 A 1 GaN?7-y K«KJ:l»mE^Tt4l: : 2r< : 3:57t 
r^i^)iW^«E* { ffi«L, *rx Ji^A 1 G 
aN??y KatCtS^^ y^^fl^tlHliSSit. fl® 

[ 0 0 4 6 ] 04 (4. *WJXr>& 3 «0»fe^»S{I«l. 
GaNSL D<OBfffifl|}S5:^-0-ej>!» . 04 t*tG 
aN^LDJi. -9-7T-fra«il<50±t. GaNvs'-y7 
rS2k. n + -GaN3^^M3t, n-InA 
IGaN777K112t. n- I nGaNcOMQW^' 
^K®5k. I nA 1 GaN<7jMQWvSffii6k. P- 
50 InGaNOTQW^Kf7t. p-InAIGaN 
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9vvYm\3t. P' -GaN3y^?M9t, -£ 
[0047] p* -GaN3^^M9K 

[0048] zzxmi tm®nmcov-;*yu&s 

i. pIWh'-A-yMiMgT'^S. nA 1 Ga 
rA^— 5"2«MOI nA 1 GaN«S:3cStC«BL/iMQW«| 10 

it. x«fflj£S-sa-(l:L^-«XJi^^#«<osQw 

fg^^&Sttfre* 1 ?. I nGaNcOMQW^f-f Kl 
5, 7«i, JSS1 00nmOTOfflj£c0||:S:&2g<9I 
n G a N Jf £3c5KI?yf Lfc M QWtSjSfr t W 

[004 9] tf'f FS5. 7JrInGaN«MQWtf 

mmX'cryVzX 0 fc. £#=5: 1 n G a N i t 

tfmt^ff. zti&u q wis jit -ttummffKmiz 

tt.mZtl&Ztl<Z£2>. 20 
[ 0 0 5 0 ] 04 (^-r^3^HteC0}gffitfc^T«. 
?7-; KJ11 2. 1 3£ I n. Al» Gai-.-, N ( 1 
>u^v^0. l>u + v>0) ^Xo^Altit^t 
L, I nffl^u*>'A lffl^viOt^^at-TSClt 

[0051] £<DJ: ?lelfS2cO|Qfe<0®®-m. vSttB 
tty-vVmti I ni)$#Al««J:WI^I nA 

IGaNfcU A*"?. #4 nGaNWMQWt 
■T&vli:tcj;0. ffitt«fc#4 ^'Jlfc77 •;'^'Jl*^ : 5: 
6ftttJfJM^i■£<^i^Jg^^ coffi**. ££>K* 30 
^Hffl^^ LT»j£$ft6 GaNay^ h g^JSifr 
*n 4 iOt^^^GaN^LDSrl^LTV^., 

[00 5 2] ^oTaSBWHtecO^.S^GaN^LDT 

ii. jSlt0H^c7)}gSt|B|«, GaN3y^i?h®3, 
9*<W«S^Tt. m>mtfi&n*ft tfGaNZly?? 
h«<fc 0 i*£ V I/— flfcfti I n A 1 G a NvS 

igg^V »GaN3^^ hl^<7) LMz L\&W&-t 

[0 0 5 3] m2<mm<7)BBtmU. InGa 
N<7)MQW#4 KJf 5. 7«i. <&-f Li> I n A I G a N 
tfDMQWvStt® 6 (OPHfcJBifttiiSSttSK . FFP 

InGa 

N<DM QW;!H KJI5. 7 *>'fr»DA-CJ> ot t Rfitfc: 

mixtz&mmz'&hzt&x-zz. c\<?>£oiz®3<?> 
{ [0054]»:tii5 izm-i # 4 ^Hffe^ 50 
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1 0 

JSfcfcWC. I n A 1 GaNcr>MQWa tt^6CQpjffi!K 
(iJVSStc: I nGaNOTQW^M KJf 5 . 7 £^tl>i§ 

«ct)A 1 afi^^T'J>->TjSttt*W b'Jf fclHJttfc: I 

[005 5 J 1-&*>*>. I n, Gai-, N (0<x< 

I ) *^^SvSttlt. I n y Gai-y N (0<y< 

1 . x>y ) frhtthiH mtiffi&LXjm21Vz 
I ngU£xfcyfc^ll**/h$»t*tf;r, Sf<0^ 

[0056] 05T-a. mmtm Ymttmz^- 
mL<nm%frh%h^t^tix^hi>\ mmc&m 

\ ±W£&& KM QWct)^-, XB^vfflMMQ , 

[0057]E5«i. ^^JS5rlHl^f-S»Jt^. I nG 
aNvSttBtp-I nGaN*M VWMfn- \ nGa 
N;!H K@>-^EIt.--?-^-Fjl AJ^ Gai-, N(0^z 

<i ) frtt&wmmtwrtikzwtyvmm 

^ nffl^x. y (x>y) fc^Ria^-^Tft 

05Kt>^TpSS^n^c7)^5 »HW 
G a N*^^:^ ^ , Z(7) A 1 G a N^ffi^M^li I n 
G a FJ1 1 G a N ? 7 y K tttfatSItT t> ft 

[0058] pS»A 1 G a N WMiMMX^^tflS 
ttl*^p- I nGaN#^ Kl{C^-^'-7D--rS 
OMflSihSil. nSHOA 1 GaN^MKS«T-iEfL* { 
JSttS*^n - I nGaN^ K«tCJf->'N'-70--f 

^Slr^CU, vSttlt n|B!ISVpffl!l«50I nGaN 
mtcrffltZZtlZtlA 1 GaNr#«lllSra 

[0059] mzmejzm^ ^*^^ * <nmm ^ 
mmiz^xwfl¥T7m(>tt. mia 1 g a mm. 

§mi5R.Vl7£. Ztlftll nGaNcOMQWjStt 

II 6tn-I nGaN^ FJ1 1 4 t<?)|il. &IXI n 
GaNOMQWvSttJil 6tp- I nGaN^ KJf 1 
8 fc<0BIK:IWtfcG a N^L D<0|5rffifi|jt*^$ilT^ 



(7) 

1 1 

6„ IZX'J nGaN^ K^cOffl^li. In, Ga 
i-, N (0<y<l ) <r)mSX'BMtt.Zti&. 
[00 60] 06(C*-fSl5iO||it^®<OGaN^L 
Dfct p-InGaN^H118tp-GaN;77 

•fSn-GaNm^yo-y^ll 95r«|xT^I.. n- 

GaNia[rD7?ii 9»i. pmsi oioax-rs 

]E7LmS5:I nGaNOMQWffittBOljS&fcfc^ 
J: 1 ?. !f^fc^L^V^«^S5r{£jliL. *>o, 10 
[006 1] p-GaN;7^H18tp-I nGaN 

HA KJii8fc<7>#iBti, memm.i,z^tA. b. 

GaNCK^§flSt^T-a^<, n-InGaNX(i 
n-A 1 GaN£ffl«,vtt>J|V\ 
[00 6 2] m%.7a y?mtlXn- I nGaNfcffl 
^&i%£tZ\t. Gamzit^XrtyVXwTtf'bZ^ 20 
fc«>, I n G a NOMQWjSUS 1 6<T)\s- J fitff-U 

itn-AIGaNJfflV^t 
(±. I nGaNK^^M mW&W%lZit<Xm 

mm^^x\ mit&m%iz£*)\s-- r^com 

fetich. 

[0063] z<r>x o izu- vmsm*- YtmwL 

T#-*- WZ-fh b nmiZ. GS&OA 1 G a N ? 7 -y 30 
KJf £fUT06 t^-TJ: 3 KG aN? 5 -y KSSrffl^ 

FFPtf)mfczti&cox\ tt&miz»Lxmm.ij$w 

ft\z~j><7m&ftifii>£ttmz{mzti2>* 

it? < x?m<7)%MkLxm&xmifz. hr-Ago* 

^ V^G a N^L D d t # { T'£ S „ 
[0 0 64] ^^06t^GaN^LDCOfi|jttfc^ 
T. nlM(0GaN^77 FBa^tB^ftT^!.* 5 . n 
-GaN?7-z KlOftiWin-GaNny;?:? M3 

[0065] 0K 03&t^H4(CfcUT{±, .I<7)n- 

? Ywrn^mm^x^htK i6«GaN« 

LDt'Jin-I n GaN^M HJf 1 4 SrjlSl^-lfTfc 

Gallz}y99ym3lz£<)mSLZtlh<VX\ ZtlZn 
* fc-T-5.^fc* < t-# : S:^ 0 ZOtzlsh^ 16«n-GaN 

u nn^mis-hm.$:&m-h£oizmtzti 

h. 50 
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[0066] do.ifca^fcai . @3fttf04(Ci> 

WX. n' -GaNay?? r-®3?>ffcb9l;:JP^n- 
GaN3y^7MtU n-GaN^77K!Xlin 
-InAlGaN??-/ F®2r^^T'# £> C ttiv&frtl 
06{Cfc^Tp-GaN^5-y K«8J4p- 
I nGaNkLTtfi<. *fcp- I nGaN^ r-'S 
1 8£p-G aNJIfc LTt>&^. 

[0067] <»cB7 teas-?* . *mivm ecrmm?) 

Wmz^XWfflth. H7(C^t^6<OHii<O0®c7) 
GaNSLDJl tS/D7;il9* 5 p- I nGaN 
#4 FBI 8£@;tT I nGaNWMQWjSfifl 6£: 
n - 1 nG aN#4 KJf 1 4 t <y)#ffiK£Tjt-t6fliiH 
fc$*l3tii:K«S!* J feS. 07<DGaN&LD 
(±AlGaNOT$gJI15. 17^fili., I nGaN 
<0M QWigftJl 1 6 CSEASfUfc^ • iETLO I n G a 
KJf 1 4 . 1 8^^--yN--7o-$rB5pihLTV^ 

[0068] Z(7)± o fciSttJl 1 6*<i:8ms£7 r o-y? 
B 1 9KJ: Oft^ixfctil&t-rfilf . vSttl 1 6^ 

[0 069] n-GaNm^O-y^BOgil^ 

tf, I nGaNCOMQWiSffiJft&ASitStt^ • IE?L 
fb$n^»?jrite^fl^ill». ^rfc. 07O 
GaN^LDtCB^T. InGaN^b'114, 18 
«i. nffl!X«ipffll^-*-^i:-ri.C:i:tT*#.i.. 

[0070] ddx\ ^5, m6<rm&cmmizmG 
amLD<rmmm<rmmiz^xmmth. ®6iz 
^GaHjkLwwmmi'&ntmx'hh. t 

•?^7t4 TWi l cn>±.i£m&&milxrz GaNlW 

L, ?IS^n-GaN3y^7hl3. n-InGa 
N?!H H114. A 1 GaNSKKMBl 5, I nGa 
N05MQWvSttJf 1 6. A 1 GaNgjgPSMll 7. p 
-InGaN^Hll 8 tTtfi&th . 
[007 1 ] »:{Cn-GaNmS[7'n-y^Bl9t*ffi 

fffan-GaNmSa^'D y^Bl 9<7>-$£p- I nG 
aN^>f H®1 8Kjitl>*T'IIiRx y^-y^U 

[0072] ©iaKSt J: 0 . BiflE^ffi^aUmfflx 

•yf-y^T-i^iL^m. fjifiBHPgiiw^fciiiiiBmssy 

P-y^B±tp-GaN^7 yH185r^-t&. lyji 
C0GaN^^Bt8ji<0^{i^:-C 1 0 0 OT^TOMO 
CVD (Metal-Organic Chenical Vapor Deposition)^ 
Zm^XftoZttfX'ZZ,. 

[0 07 3] WlkOG aN&LDX'imifiA IGaN? 



1 3 

1 0 0 OX£lb?>£fij£&£fr oiZmtfib-yt:. 1 0 0 

L*H"<. I nGaNcOMQWjgttJSl 

flALfc 0 . MQWCOfgr££<J*^r I n Mmf -/7 

[0074] 06 5OHSfc<0^<S0)G aNlL 
Dgfcl^t), i$HP$Mlkl/CAlGaN£jfcftL& 
WUffcfefcv** 1 . 9KFISa^»9rS9$U5 0 n md 
jiffftl WC. 1 0 0 O'CliTFCi^T i-Br&tt&Sr 

[0075] £fzn&7vv7MtLXA 1 GaN£Jfl 
i>S*§£fcfcL A 1 GaN«+C1gc£2:B£-r^*^V% 
ff)X\ 10 0 0-CiaTcOfiS^tc J: 0 mSfi>MR1fi& 
^HBTFLTt. -HHcBW^atSCifc^S*. H7 
O|g6c7)||t|£0}glSt^|,GaN^LD<?DlijS{±. If55 

mz%')?<mmthhtf. h«c4x««k* i o o o 

[00 76] ffcftOGaN&LDl8ii<Oj::?l;:. 
AIGaN;57 K«* { #£-fl.k. f»jSIg<t>£A I 

«iwt*4t*^w. 

5 *\ #f&BJ]<9G aN^LD t A 1 

#isarfi>::k#&^<?ye. swseflsv*?*****- 

[0077] <KCia8(cS^'^*^iO|g7co|lil^ 

jt^ftWW^£irO^. @8(c^-rJ:3tc. GaN 
&LD#nS?:yyFJf2 0k. n^GaN^h'il2 
lk. I nGaNCOMQWvStt^l 6k. p-GaN# 
4 FB23k. p-?5-yKJf 24k£-£tfk£. In 
GaN«MQWgjtil6tp-GaN*M YM2 3k 
<OS(CA 1 GaNCOMQWmKKMB. X«A IGaN 

/g a N*»fe=sr& wQvmmmmzwiVhz t £ <t 

0. vSttltaA^ix^«^p-GaN^M F«23 
^<y)*^-7n-£|fcitt.g..r k#-C# & . 

[0078] mmwmmzMQwmmt-ttitf. 

A 1 &&£%tS&m<r)A 1 G a N«£??|gP$g® k -f 6 
J: OtMQB (Multi -Quantum Barrier) 0, 

pj-co¥%a i Mf$x\ mhwrnmrnzi* om<t 

[0079] £1z I nGaNOMQWvgltSl 6tiS 

X*)tm^ilim^f)?>. tit-oX I nGaNiSltJBl 
6^CO^-^m^toaiA*^(C^S„ A 1 Ga 

N/G a Nfrt>%$,MQVmWmmZWLVZ>i%£lZ t 
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l5EMQW^^MS»i. GaN^LDcoift^mffifi« 
ZtffX'Zh. 

[0080] itzmm^ma. 1 n G a N<DMQW?S 

ttil6tn-GaN^ FJ12 1 kc7)Sfci§»tTt>^ 
08KfcWC. ?yv FJI2 0. 24ZZtl 
•fftnS&tf p!S I nu A I „ G ai-»-« N (Uu, 
v^O. Uu + v^o) ? 7 -y FJfk L. ^ 

&< k t pMRVnMWiitifrcomitf'f FJlk Huffi 
10 ?77 KJIfc tfOC mISM QW^M»seSr^(tS J; 
dfcLTt&H. .TOffi. 05&tfl28l;:5^JlJftiS 
££#kLT. ^temcfB9JLfc«*Ol8£coGaN 
% L D I. £ k & £ k JiO 3 * T t> \ 

[0 08 1 ] mUSmSiZH^X . I nAl GaN<7)M 
QWvSffif 6kp-GaN7^ y FJI8k?>igfc:A 1 G 
aNWMQWXIiA 1 GaN/GaNA'^liMQWS 
KKMJf£gftl><rk itlnAlGaNiO 
MQWffi1tJf6kn-I nGaNWMQW^-f FJf 5k 

wia^A i GaNBmBmmz&v&z.ktfX'Zz. 
20 [ o o 8 2 ] . *mni±M(ommv>BBizmfez 
tiz>zbi±&\ euif. m4com3(r>mm<mmizii 

UT. iSA FJf 5. 7^MQW«^TJ>I.^(C-^V>T 
IfcBJIU:**. HA F«5. 7(1. I njffl&a'fija-fkSft 
fcJjUlcOI nGaNJfk-rSvIki>T#.|>. £tz±Xcr> 
m&<VBmiZt5^X-i&&mit I n A l G a NCDMQWX 
lilnGa N(7)MQW«|jS5r^-r ^ k LTlK H j| UztiK 
I nGaA 1 N/Ga NiDMQWXli I nGaN/Ga 
NcDMQWffljtXttMO I nA 1 GaNT'&oTi>& 

30 [0083] itz^XffymL<r>mW,Zi5^X . G a NJf, 

i\ P mmfrt>i8.jk-tz>z\tizx*). mmmLtmm 

cOGaN^LD^rS^^k^'T'^S. 
-fTS«±tiiV^GaNfen B n 5:^SL^t^. GaN 

w^^ H i i,i&a«kLTfflv^^kt>T'#s. -e-«o<a 

SClk* { T'#S. 
[0084] 

40 {m\?m$:\ mLtzi. o ttwnmmfo^-vm. 

mzbtOii. vSttlS: 1 nA 1 GaN. $A VMi I n 
GaN. ?7-y r-*l£GaNXt±I nAlGaNttl, 

ck^io-c. u— rm^izmhymmnmim 

$<0ffl5r G a N 3 V 9 9 hl«t 0 < f Z k 
^|,OT'. GaNay^^hS(dfcftli3Tjfitja^>^S[ 

l . u— r m.<o f f p fctjjt&aesia^** 

«*ttk1-&^kA^.6o 

[0085] t1z. it!KW«ffilrL«0AlGaN^7 yr-' 
iWftbOt. GaN?57 FJIt^UI nfflj£* ? A l 
50 «DSJ;0*&^I nA I GaN^77K»>, $ ^> 
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o . mm&t l * tirareit* ts« u a i g a n 

i»Ga Nm^fc<7)IS<0li&7£S!!£ J: S 7 5 y 
7^c7)^03r^sfiJStt<0G aNlLD CI fc 

[01 ] ^10»6®®^)GaN^LD^ISriSfi|)S$r* 

[02 ] mi<OHM^®.^GaN^LD(Cfctt&ljl»» 10 
tt<7)FFP£;Kf0„ 

[0 3 ] 35 2 (VmfcmmOG a Ni& L Dtf)ISrBDf8j££- 
^"t0. 

[04 ] ^3£7)H*I^^GaN^LD<0Blrfflfi|jt?: 
Srf0. 

[05 ] mwmm*ffithG*n&LD<r)mmmi 
[06 ] m5<?mt&<mm<oGaN&LD<r>®imm&z 

[07 ] ^6COHffi^®<39GaN^LD^Brffifi|jt^ 20 
[08] ^7OHSS^®c0GaN^LD<0vStt«)fi^ 
[0 9 ] fiESfccOG a N&L D tCfcttS^H^ttOF F P £ 

7Kt0. 

[0 1 0 ] t£3fcDG a N^L DKfcltS^HtON F P 
5:^^$ jLl^-^ 3 y0. 

[01 l]^<OGaN&LDtfctf&^<*tt?)NFP 
SriKf v S j. 1^— S' a >0. 

[01 2] t*3|5<OGaN^LDti3ftl,^5 y Hii<7)J? 30 
$ fc A 1 «j£fc*«-|> L* V«^*«tt#tt* 5** 
0. 

[01 3] m&Ga}i%LD{Z)H!Z>tf4 Yffl - 7 y 
[03] 
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1 6 

0. 

[#•^§19]] 
1 

2- GaNA 7 7ri 

3- -n + -GaNny?:? HI 

4- n-GaN?7«; Yffl 

5- n- I nGaN(7)MQW^ KJ1 

6- I n A 1 GaNCOMQWStt® 

7- p- I nGaNWMQW^ h'l 

8- p-GaN^5 7 KI 

9- P* -GaN3^?M 
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1 2- 
1 3- 
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1 6- 
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22- 
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n — I nA I GaN^5y Yffl 
p-InAl GaN;5»/ KB 
n- I nGaN^ Yffl 
17-AlGaNSHKM« 
I nGaNOMQWiSttJf 
p- I n G a N HA Yffl 
n - G a N^ljST'n •/ 9ffl 
Yffl 

n-GaN;5M Yffl 

A I GaN<OMQWX«A 1 GaN/GaNcOM 

p-GaN^ Yffl 
p — 9*7<y Yffl 

-m>mm 
ha Yfflvmm 

tyyYfflcomttm 
nv97Ym<r)WS& 
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" _n-GaN WltJO WB 
p-lnGaNff-fKB 
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15, I7:AXGoN 



10 



84 P-GaN :759 KB 
19 
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p-lnGaN^-TKB 



n-InGaNZJ-f KB 

14 



n- GaN ^SfiOT^B 



J^AiGaN 
A/ GaN 



GoN/^^PB 
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